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Introduction

Prior to launch, a typical launch vehicle.
resembles a circular cylinder cantilevered from the
: . base. One would like tu be able to predict the
' loeds which a.wind will in such a structure.
Air flow sbout circular cylinders has been studied
extensively for subcritical Reynolds numbers, where
the boundary layer is laminar up to the point of
flow separation. Launch vehicles are often large
enough that even a gentle breeze results In Rey-
nolds numbers above this region. As-a conseguence,
researchers are again studying the {low about cylin-
. ders, with emphasis on large Reynolds numbers. The

e " task is d@ifficult since boundary-layer transition

- is now a complicating factor. In addition, such

factors as nose shape and prutuberances which

= differentiate an actual vehicle from an idesl

’ cylinder have proved to be important.

Iuvestigation of the flow over simple cylin-
ders has given needed insight into the flow benav—
ior at supercritical Reymolds numbers. m has
described. the forces cn an essentially two-
dimensional cylinder at Reynolds numbers near
1 million, in the lower portion of the supercriti-
cal regiom.He found that the force fluctuations
on &. emmzm cylmder were . racdom in ampli-

- BehinidtS used pressure neas.;re—
sh-that the I‘luctmting turces

‘had little-Torrelation between axlal stativas more
than one or two diameters apart, in the samne range
of Reynolds numbers. Knowledge of the forcing
frequencies. and of the degree of correlation
between the forces st varicus staticns is required
te predict tne stresses in an elastic structure.
Brief tests by Roshie® indicated the interesting
possibility that the forces on ea-cylinder at .
Reynolds numbers above
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Investigations of the problem have been con-
ducted at Ames Research Center tor some years in

; the range of Reynolds numbers from 1 te 10 million.
However, the work has been confined to configura-
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interpretation-of the results was often beclouded
by mexpected trends, the work has developed into
an explorstory type of investigation aimed at pro-
viding a better percpective of the effects of the
many varisbles iavclved with such vehicies. The
‘greatest part of the effort has been-expended in
establishing the lateral oscillatory losds since
~these ere the least predictable of the various com-
- ponents.: “This peper is 8 summary of the major fac-
- 1ops. contributing. to lstersl osciliations of
- demch-yehicle models oboerved at Ames.
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«-the results are previously unreported. A tomplete
E premtzun of the availslle test resulis will not

- be attémpted here; only those data necessary to

- »illﬁstrate th(: n-xm pomts will be showi,

ER m of the zesults dlscussed herein were
Coptelhed ina Etaady wind having & veryicv turbu-
icose leveld they : igered

SOME SOURCES OF GROUND-WIND LOADS IN LAUNCH VEHICLES

By Donald A, Buell
Research Scientist
Ames Research Center, Moffett Field, Calif.

5.9 million may be pericdic.’

tivns approximating actual launch vebicles. Because

Most of T T

more natural-enviromeent cannot be generally .
applied, either, wntil all of the criticai mm :
have been taken into account. Therefore, this - :
paper is primarily a guide to further ‘investigatiou.
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Tests and Deta Reduction

The models discussed hereln are sketched in
Fig. 1. The models were built of aluminum or steel
with internal weights such that the first canti-
lever bending characteristics of hypothetical vehi-
cles were simulated. The configurations evolved
from tests with contractors who were simulating
real vehicles, but modificetions have been made to
the configurations for research purposes. Conse-
quently, the models do not represent any actual
vehicle. The models were bolted directly 1o the
floor structure of the Ames 12-foot pressure tun-
nel, and bending moments were measured by means uf
strain gages inside the model. Circular horigontal
plates were placed under the noses of models A and
¢ for some uf the tests and are indicated on the
sketches with dashed lines. Model B and the
associated instrumentation have been previously
described.?

External condults were simulated by rods
attached to the model as shown in Fig. 2. An
umbilical tower with a sclid blast shield next to
the vehicle was simulated by a box structure, shown
in Fig. 3. The screen uvn the front and sides repre-
sents pipes and conduits that fill an actual tuwer.
The tower was symmetrical with respect to a plsne
through the model and tower axes.

A sample of the bending moments measured at
the base of model A without conduite or tuwer ic
presented in Fig. 4. Both average and uscillatory
components are .shown as a funetion of lest velocity.
Each point on the curves of OSClllat,nry moments is
1the maximum measured in sbout 1,300 cycles of osclil-
lation in the first cantilever mode. The Reynolds
numbers noted on this and other figures are based
on the upper stage diameter. Large Reynolds num-
bers were obtained by testing at velvecities up to
three-tenths of the speed of scund with air density
in the wind tunnel about five times normal atmos-
pheric density- -

One purpose of Fig. 4 is to show the size of
the loads induced in a model with relatively little
tendency to oscillate. The structural damping of
the model (about 0.4 percent of critical) was less
than that of a typical full-scale vehicle; hence,
the oscillatory loads are higher than would be
realized with the pruper damping. Nevertheless,
lateral oscillatory loads at least half the size of
the average dragwise loads would be expected for
this coanfiguration. This relation provides a basis
for evaluating the significance of the factors
which increase the oscillations.

To facilitate comparisons, the lateral oscil-
latory loads were converted to response coeffi-
cients, as shown in Fig. >. The coefficieny C.
invelves structural factore and is designed to be
independent of model characteristics on the assump-
tipons that the excitaticn is random and independent
of the response. Reference & discusses the formu-
lation of the coefficient. The test velocity was
converted to reduced velocity, V/fD, following the
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practice of earlier investigators. For the case
shown, which is to be the basis of comparison, the
regponse coef{icient is constant at approximately
2 over a vide range of veloclities.

Resulis

Conduit Effects

A copduit on the stagnation line increased the
oscillation by an order of megnitude, as shown in -
Fig. f». Data are shown for condults with diameters
1/1% and 1/32 of the Wpper stage diameter. Both
sizes were tried on the upper stage, and the larger
size, un the lower stage only. . The fairing of the
dats is extended beyond the data points in cases
where the oscillstions were increasing rapidiy and
emergency stops were necessary. It was observed
tiat the model motion had a much more nearly con-
stant amplitude at the very large coefficlents than
at the smaller ones. This seemed to indicate a
definite departure from the random response dssoci-
ated with supercritical Reynclds numbers. Less
effect was produced as the conduits were reduced in
size or were located lower on the model.

Model A was also tested with a horizontal plate
under the nose. The purpose of the plate was to
eliminate the effect of the nose on the flcw around
the cylindrical sections. The data are shown in
Fig. 7 for two model dampings and two conduit shapes.
Looking first at the results for the basic configu~
ration, one cen see that there were large responses
at low speeds, as before. (It was possible to
extend the data to high speeds by passing repidly
through the first region of large response.) By
comparison with Fig. 6, it appears that the only
effect of Lhe plate was toc move the conduit effects
to slightly higher speeds. A more significant
change in response was caused by increasing the
damping. This result together with observations of
a large constant-amplitude motion lead to the deduc-
tion that motion of the model caused much of the ]
existing excitation. It would appear that an
accurate simulation of a vehicle with condultls
requires the duplication ¢f facturs, such as damp-
ing and relative density ratlo, whicn affect the
motion of the vehicle when subjected to a transient
excitation. The conduit effect was entirely elim-
inated by fairing the conduit with tape.

The addition of other conduits in certain posi-
tions also eliminated the excitation caused by the
upstream conduit. Figure 8 shows the response of
the model with two conduits in various positioms.
When the second conduit was 180° from the stagnation
line, the response was large, but vhen the second ’
conduit was placed at 90°, it seemed to fix the
point of separation so that the upstream disturbance
was cancelled. Results not shown here indicate that
a faired conduit at 90° could not reduce the
response as effectively as the unfaired confult did.
Models with three or four conduits of equal size
tended to produce less oscillation than models with
one conduit larger than the others. ‘

One other conduit position is worthy of comment.
Figure Y presents data for the 13) position. It
was impossible tov obtain consistent results in
separate sweeps through the speed range with this
conduit arrangement. HNevertheless, the condition
occasionally prodm:e& some rather large responses. :




It may be noted that the conduit increased the
response at about the came speed whether it was
moun ced on the upper stage or the lower stage. This
ar.2 other data tended to indicate that the adverse

«duit effects were related to the Reynolds number
.. the conduit, rather than the Reynolds number or
reduced velocity parameter for the cylinder.

Tower Effects

Another source of large oscillation was an
wmbilical tower. The cvne considered here was some-
what unusuml in location and shape and is not
intended to represent a typical tower. The critical
wind orientation was with the model directly duwn-
wind from the tower. Figure 10 shows response
coefficients for twc spacings between the tower and
model. The tower evidently ascted as a flat plate
and periodically shed vortices onto the model.

Some idea of the wake pattern is given by the fact
that the aversage dragwise moments on the model were
negative in both situations shown. Other tests

indicated that changes in model mppendages or desp-

- Ing or frequency would not materially change the

coefficients.

A number of tower fixes were tested. including
removal of material from the sclid face. The most
effective modification was a so0lid plate which was
attached to either the upstream or downsiream face
of the tower and projected on both sides. The
wider the plate was. the more effective it was. A
plate twice the width of the tower and covering
only the area in front of the upper stage reduced
the maximum response by a tactor of 3. for the
closer tower location.

Nose Effects

It has been established by a number of investi-
gators that the nose of a vehicle is a source of
excitation. A research shape that is particularly
conducive to induced oscillations is a hemisphere.
Figure 11 shows a photograph of 0il on the surface
of model B, which has such a nose. The line of
flov separation is ocutlined by the accumulation of
0il along the irregular line at the right of the
picture. The separation line terminates below the
tip of the model, and air appears tu flow over the
top and down into the wake behind the cylindrical
part of the model. Data® have been published
showing that this nose shape affects the pressure
fluctuations on the cylindrical sections for at
least 2 diameters below the nose. The effect of
the nose can be easily nullified with a tip spoiler,
which prevents the flow of air down into the wake
of the upper stage.

Typical coefficients for a hemisphere-nose con-

figuration are shown in Fig. 12. The response
induced by a blunt nose was found to be sensitive
to the roughness of the cylindrical sections near
the nose. Strips of tape 0.003 inch thick were
used to simulate the roughness on this model,
although grit has produced the same effects. The
response with roughness tended to be more sensitive
to changes in reduced velocity than to changes in
Reyrolds number. It was concluded that the rough-
ness proxoted an early and straight transition of
the boundary layer. The added roughness did not
increase the pressure fluctuations, however, except
near the nose. No coupling of the model motion and
the excitation was apparent. A variety of nose
shapes approximating the hemisphere have been
observed to induce similar response characteristics.
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One way of creating separation on the nose and
thus reducing the adverse nose effects is to
stretch the nose longitudinally into shapes with
high fineness ratios. The beneficial effeots of
changing to such nose shapes have been reported,
but a few impurtant exceptions were noted. Tests
of model C have also demonstrated the pussibility
of large excitation under certain conditicns. This
model has a nose with & 24° lncluded angle. Siluce
the model has a conslant diemeter up to the nose,
the area potentially under the influence of the
nose is large. Figure 13 presents data for the
model with and without a plate under the nose. The
large reducticn in response caused by the plate
indicates that the flow around the nose was respon-
sible four the excitation. In addition, the charac-
teristics that indicate a coupling between model
motion and excitation were observed. That is, the
amplitude became constant. and an increase in damp-
ing reduced the coefficients. It was also noted
that protuberances on the model generally reduced
the tendency for oscillation. The large response
shown in Fig. 12 is therefure the result of &
rather special combination of factors. From cbser-
vations of other models it is believed that noses

with cmall cone angles may alsc induce oscillations,

but the effect will occur at higher speeds than for
blunt cones.

Concluding Remarks

In summary. test results cbtained on models in
a steady wind heve been presented to indicate
potential sources of oscillations induced by ground
winds in launch vehicles. The following caused
large oscillations:

1. sincle conduits

2. an umbilical tower

4. blunt noses
It was indicated that model motion and roughness
accentuate the wind excitation in certain caszes.
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FIGURE TTTLES ,

1.~ Models.

« 2.~ Model A with conduits.

3.~ Model A with umbilical tower.

. 4.~ Bending moments on model A.

5.~ Lateral response coefficient for model A.
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6.~ Response of model A with upstream conduit.

Fig. 7.- Response of model A with upstream conduit and plate under
nose; conduit on upper stage.

Fig. 8.- Response of model A with two conduits.
Fig. 9.- Response of model A with 135° conduit.
Fig. 10.~ Response of model A with upstream tower. -
Fig. 11.~ Model B - upper portion. ' '

Fig. 12.-~ Respc;nse of model B.

Fig. 13.~ Response of model C.
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